Key indicators: single-crystal X-ray study; T = 100 K; mean (C-C) = 0.003 Å; disorder in solvent or counterion; R factor = 0.029; wR factor = 0.068; data-toparameter ratio = 16.4.
In the title compound, [Cu 2 Cl 4 (C 12 H 8 N 2 O 4 ) 2 ]Á4C 3 H 7 NO, which contains a chloride-bridged centrosymmetric Cu II dimer, the Cu II atom is in a distorted square-pyramidal 4 + 1 coordination geometry defined by the N atoms of the chelating 2,2 0 -bipyridine ligand, a terminal chloride and two bridging chloride ligands. Of the two independent dimethylformamide molecules, one is hydrogen bonded to a single -COOH group, while one links two adjacent -COOH groups via a strong accepted O-HÁ Á ÁO and a weak donated C(O)-HÁ Á ÁO hydrogen bond. Two of these last molecules and the two -COOH groups form a centrosymmetric hydrogenbonded ring in which the CH O and the -COOH groups by disorder adopt two alternate orientations in a 0.44:0.56 ratio. These hydrogen bonds link the Cu II complex molecules and the dimethylformamide solvent molecules into infinite chains along [111] . Slipped -stacking interactions between two centrosymmetric pyridine rings (centroid-centroid distance = 3.63 Å ) contribute to the coherence of the structure along [011] .
Related literature
For related structures with similar coordination geometry around the copper atoms, see: Goddard et al. (1990) ; Tynan et al. (2005) ; Han et al. (2008) ; Liu et al. (2009) ; Qi et al. (2009) . For other related structures of chloro bipyridine copper complexes, see : Wang et al. (2004) ; Zhao et al. (2010) .
Experimental
Crystal data Symmetry code: (i) Àx þ 2; Ày þ 1; Àz þ 1.
Table 2
Hydrogen-bond geometry (Å , ). Symmetry codes: (Fig. 3) . A polymeric copper(II) complex with the same organoligand as in (I) but with a Cu/Cl ratio of 1:1 has been reported by Zhao et al. (2010) .
Experimental 5,5′-dimethyl-2,2′-bipyridine was purchased from Sigma-Aldrich and oxidized with K 2 Cr 2 O 7 to 2,2′-bipyridine-5,5′-dicarboxylic acid according to literature methods. CuCl 2 .2H 2 O (>99%, Sigma-Aldrich) and dimethylformamide (DMF) (>99.5%, Merck) were used as received. 100 mg (0.41 mmol) H 2 bpydc was dissolved in 10 ml of water, using a minimal amount of KOH. 70 mg (0.41 mmol) CuCl 2 .2H 2 O was dissolved in water. When the two solutions were combined, a blue precipitate was immediately formed. Dilute HCl was added until pH was 4. The blue microcrystalline precipitate (96 mg) was recovered, dried and dissolved in 5 ml of DMF along with 50 µL conc. HCl, giving a green solution. 1 ml of the solution was transferred to a small vial. The crystals were precipitated by vapor diffusion, using water as antisolvent.
Refinement
All H atoms were placed in geometrically idealized positions, with C sp2 -H = 0.93 Å, C sp3 -H = 0.96 Å, O-H = 0.82 Å and constrained to ride on their parent atoms, with U iso (H) = 1.2U eq (C sp2 ) or 1.5U eq (C sp3 program(s) used to solve structure: SHELXS97 (Sheldrick, 2008 ); program(s) used to refine structure: SHELXL97 (Sheldrick, 2008) ; molecular graphics: DIAMOND (Brandenburg, 2006) and Materials Studio (Accelrys, 2010) ; software used to prepare material for publication: publCIF (Westrip, 2010) .
Figure 1
The molecular structure of (I), with atom labels and 50% probability displacement ellipsoids for non-H atoms showing also the disorder of one COOH group (C7 etc.) and one DMF molecule (C21A etc). Symmetry codes: (ii) x+1, y−1, z−1; (iii) −x+1, −y+1, −z+1; (iv) x−1, y+1, z+1.
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